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Muscarinic receptor antagonists of formula (I), and their pharmaceutically acceptable salts, wherein Yis -CH 2 - f -(CH 2 ) 2 -, 
-CH 2 0-, -(CH 2 ) 2 0- or -CH 2 S-; R is -CN or -CONH 2 ; and R 1 is a group of formula (a), where R 2 and R3 are each inde- 
pendently H, C,-C 4 aikyl, C r C 4 alkoxy, -{CH2) n OH, halo, trifluoromethyl, cyano, -{CH 2 ) n NR 4 R5, -CO(C,-C 4 aikyl), 
-OCO(C,-C 4 aikyl), -CH(OH)(C,-C 4 aikyl), -C(OH)(C r C 4 alkyl^, -S0 2 NH 2 , -{CH^CONR^R? or-(CH 2 ) n COO(C,-C 4 ai- 
kyl); R* is H or C,-C 4 aikyl; R5 is H, C r C 4 aikyl or C r C 4 alkylsulphonyl ; R* and R 7 are each independently H or C,-C 4 
aikyl; and n is 0, I or 2. The compounds are particularly useful in treating irritable bowel syndrome. 
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MUSCARINIC RECEPTOR ANTAGONISTS 

This invention relates to certain 3-substituted pyrrolidine 
derivatives. The compounds of the invention are muscarinic 
receptor antagonists which are selective for smooth muscle 
muscarinic sites over cardiac muscarinic sites and which do not 
have any significant antihistaminic activity. Thus the compound: 
are useful in the treatment of diseases associated with altered 
motility and/or tone of smooth muscle which can, for example, be 
found in the gut, trachea and bladder. Such diseases include 
irritable bowel syndrome, diverticular disease, urinary 
incontinence, oesophageal achalasia and chronic obstructive 
airways disease. 

According to the invention there are provided compounds of 
the formula:- 




1 
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and their pharmaceutical^ acceptable salts, 

wherein Y is -CH^* -(CH^-, -CH 2 0-, -fCH^O- or -CH £ S-; 

R is -CN or -CONK,; 
and R 1 is a group of the formula:- 




R 2 



R 3 



2 3 

where R and R are each independently H, C-j-C^. alkyl, C^-C^ 
alkoxy, -(CH^OH, halo, trif luoromethyl, cyano, 
~(CH 2 ) n NR 4 R 5 s -COCC^^ alkyl), -OCCKC^ alkyl), 
-CHCOHXCj-C^ alkyl), -CCOHXC^ alkyl> 2 , -SO^, 
-(CH 2 ) n CONR 6 R 7 or -(CH^COOCCj-C^ alkyl); 
R 4 is fl or C 1 -C^ alkyl; 

R 5 is H, Cj-C^ alkyl or C^-C^ alkylsulphonyl; 

R 6 and R 7 are each independently H or C^-C^ alkyl; 

and n is 0, 1 or 2; 

"Halo* 1 means F, CI, Br or I. Alkyl and alkoxy groups of 3 or 

4 carbon atoms can be straight or branched chain. The preferred 

alkyl and alkoxy groups are methyl, ethyl, methoxy and ethoxy. 

R is preferably -C0NH 0 - The compounds in which R is -CN have 

some activity as muscarinic receptor antagonists but are mainly 

useful as synthetic intermediates. 

2 3 

Preferably, R and R are each independently selected from H, 
halo, cyano, C^C^ alkyl, C^C^ alkoxy, C^C^ alkoxycarbonyl, 
C 1~ C 4 a lk ane sulphonamido, sulphamoyl, carbamoyl, hydroxymethyl, 
hydroxy and -CCXC^-C^ alkyl) • 



WO 91 /0901 3 PCJ7EP90/02043 

3 

Y is preferably -CH 2 -, -(CH^-, -CH 2 0- or -(CH^O-. 

The anticholinergic activity of the present compounds resides 
in both the 3R-forms and 3S-forms, i.e., the compounds having R 
and S stereochemistry, respectively, at position 3 of the 
pyrrolidine ring, and of course in the 3R,S-(racemic) forms of the 
compounds (I). The 3S- forms are generally the most active.. 

The pharmaceutical]^ acceptable salts of the compounds of 
formula (I) include acid addition salts such as the hydrochloride, 
hydrobromide, sulphate or bisulphate, phosphate or hydrogen 
phosphate, acetate, besylate, citrate, furaarate, gluconate, 
lactate, maleate, mesylate, succinate and tartrate salts. For a 
more comprehensive list of pharmaceutically acceptable salts see, 
for example, the Journal of Pharmaceutical Sciences, Vol. 66, No. 
1, January 1977, pages 1-19. These salts can be prepared 
conventionally, e.g. by mixing a solution of the free base and the 
acid in a suitable solvent, e.g. ethanol, and recovering the acid 
addition salt either as a precipitate, or by evaporation of the 
solution. 

The compounds of the formula (I) can be prepared by a number 
of routes, including the following:- 
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Route A 



This can be illustrated as follows :- 




+ Q-CH^-Y-R ^ Compounds (I) 



(ID 



(III) 



Y, R and R are as defined for formula (I) and Q is a leaving 
group, e.g. Br, CI, I, Cj-C 4 alkanesulfonyloxy (e.g. 
methanesulf onyloxy) , benzenesulf onyloxy, toluenesulf onyloxy (e.g. 
p-toluenesulf onyloxy) or tr if luorome thane sulf onyloxy. Preferably, 
Q is CI, Br, I or methanesulf onyloxy. 

The reaction is preferably carried out in the presence of an 
acid acceptor such as sodium bicarbonate, sodium or potassium 
carbonate, triethylamine or pyridine, and in a suitable organic 
solvent, e.g. acetonitrile, at up to the reflux temperature. 
Reaction temperatures of 60-120°C are generally desirable and it 
is most convenient to carry' out the reaction under reflux. lodo 
is often a particularly suitable leaving group but since the 
starting materials (III) are sometimes most conveniently available 
as chlorides the reaction can also be carried out using the 
compound (III) as a chloride but in the presence of an iodide such 
as sodium or potassium iodide. In the preferred technique, the 
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compounds (II) and (III) are refluxed together in acetonitrile in 
the presence of potassium carbonate or sodium bicarbonate. The 
product (I) can be isolated and purified conventionally. 

The 3R,S-, 3R- or 3S- forms of the starting material (II) are 
preferably used so as to obtain the 3R,S-, 3R- or 3S- forms of the 
product. 

The starting materials of the formula (II) can be obtained by 
conventional procedures such as those described in the following 
Preparations section. The starting materials of the formula (III) 
are in general known compounds which can be prepared by 
conventional techniques. The preparation of any novel starting 
materials of the formula (III) used in the Examples is however 
described in the following Preparations section. 

Route B 

The compounds of the formula (I) in which R is -C0NH 2 can be 
prepared by the hydrolysis of the corresponding nitriles, e.g. 
using concentrated aqueous mineral acid (typically concentrated 
aqueous H^SO^) . 

The hydrolysis Is typically carried out using concentrated 
aqueous sulphuric acid, preferably 80-98% sulphuric acid and most 
preferably 90% H 2 SO^ with heating at e.g. 80-110°C and most 
preferably at about 100°C. The product can then be isolated and 
purified by conventional procedures. Clearly any cyano 
substituents on R 1 are also likely to be hydrolysed to carbamoyl 
or carboxy, any alkanoyloxy substituents to hydroxy, and any 
alkoxycarbonyl substituents to carboxy. 
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Some of the compounds of the formula (I) i n which R 1 is a 
substituted phenyl group can be converted to other . compounds of 
Che formula (I) as follows :- 

(a) When R is -CONH.,, a -CO^C^ alkyl) substituent on the 
phenyl group can be selectively reduced to -CH 2 OH. Lithium 
aluminium hydride is the most suitable reducing agent. The 
reaction is typically carried in a suitable organic solvent, e.g. 
ether, at between 0° and room temperature. It is generally most 
convenient to use the starting material in the form of its methyl 
ester. 

(b) A hydroxy substituent on the phenyl group can be 
converted to -OCOC^-C, alkyl) by acylation using a C.-C, alkanoyl 
chloride or bromide, or an alkanoic anhydride of the formula 
(C r c 4 alkyl. CO) 2 0. The presence of an acid acceptor is 
preferable. The reaction is typically carried out at about room 
temperature in a suitable organic solvent, e.g. dioxan. 

(O A -CO( Cl -C 4 alkyl) substituent on the phenyl group can 
be reduced to a substituent of the formula -CH(OH) (C^ alkyl). 
A suitable reducing agent is sodium borohydride. The reaction is 
typically carried out at between 0°. and room temperature in a 
suitable organic solvent, e.g. methanol. 

(d) When R is -C0NH 2 , a -(CH^COO^ alkyl) substituent, 
preferably where the alkyl group i s methyl, can be converted to 
-(CH 2 ) n CONR 6 R 7 by reaction with ammonia or the appropriate amine 
R R NH. When R 6 and R 7 are both H, the use of aqueous (0,880) 
ammonia is generally most convenient, although the reaction can be 
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carried out using ammonia in an organic solvent such as methanol 
or ethanol, or ammonia neat in a bomb* The reaction with 
methylamine is most conveniently carried out in ethanol. Although 
in some instances the reaction may proceed at a satisfactory rate 
at room temperature, heating at up to 120°, preferably 60 to 
100°C, is generally necessary. For volatile amines, the reaction 
is best carried out in a bomb. 

(e) A hydroxy substituent can be converted to C^C^ alkoxy 
firstly by reaction with a base such as potassium carbonate, and 
secondly by reaction with a C^C^. alkyl iodide or bromide. The 
reaction is typically carried out in a solvent such as dioxan or 
acetone, and preferably under reflux. 

(f) A hydroxymethyl or hydroxy ethyl substituent on the 
phenyl group can be converted to -CR 2 NR 4 R 5 or -(CH^NR^R 5 firstly 
by reaction with thionyl chloride and secondly by reaction with 
ammonia or the appropriate amine R*R 5 NH, R* and R 5 each being H or 
Cj-C^ alkyl. The reaction with thionyl chloride is typically 
carried out with heating, preferably under reflux, in a solvent 
such as methylene chloride. The reaction with ammonia or the 
amine is typically carried out at in a solvent such as ethanol, 
and heating, e.g. under reflux, may be necessary. 

(g) When R is -C0NH o , a -C0(C -C 4 alkyl) substituent can be 
converted to -CCOHXC^-C^ alkyl) 2 by reaction with a Cj-C^ 
alkyllithium or Cj-C^ alkylmagnesium bromide, chloride, or iodide 
(e.g. methyllithium, methylmagnesium bromide, me thy Imagoes ium 
iodide or methylmagnesium chloride). The reaction is typically 
carried out in a solvent such as ether at a temperature of from 
0°C to room temperature. 
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and (h) An lodo substituent can be converted to C -C 
alkoxycarbooyl by reaction, t y p ically at about ^'^^ 
with carbon monoxide in a allcauol containing a base [e.g. 

potassium carbonate] and a palladium (II) Catalyst 
bis(tri P henylpho S phine)palladit nn (II) chloride]. 

The selectivity of the compounds as muscarinic receptor 
antagonists can be measured as follows. 

Male guinea pigs are sacrificed and the ileum, trachea, 
bladder and right atrium are removed and suspended in 
Physiologica! salt solution under a resting tension of 1 8 at 32°C 
aerated with. 95, 0,, and 5% CO,. Contractions of the ileum, 
bladder and trachea are recorded using an isotonic (ileum) or 
isometric transducer (bladder and trachea). The frequency of 
contraction of the spontaneously beating right atrium is derived 
from isometrically recorded contractions. 

Dose-response curves to either acetylcholine (ileum) or 
carbachol (trachea, bladder and right atrium) are determined using 
a 1-5 minute contact time for each dose of agonist until the 
maximum response is achieved. The organ bath is drained and 
refilled with physiological salt solution containing the lowest 
dose of the test compound. Tbe test compound is allowed to 
equilibrate with the tissue for 20 minutes and the agonist 
dose-response curve is repeated until the maximum response is 
obtained. The organ bath is drained and refilled with 
Physiological salt solution containing the second concentration of 
test compound and the above procedure is repeated. Typically four 
concentrations of the test compound are evaluated on each tissue. 



The concentration of the test compound which causes a 
doubling of the agonist concentration to produce the original 
response is determined (pA 2 value - Arunlakshana and Schild 
(1959), Brit. J. Pharmacol., 14, 48-58). Using the above 
analytical techniques, tissue selectivity for muscarinic receptor 
antagonists is determined* 

Activity against agonist induced bronchoconstriction or gut 
or bladder contractility in comparison with changes in heart rate 
is determined in the anaesthetised dog. Oral activity is assessed 
in the conscious dog determining compound effects on, for example, 
heart rate, pupil diameter and gut motility. 

Compound affinity for other cholinergic sites is assessed in 
the mouse after either intravenous or intraperitoneal 
administration. Thus, the dose which causes a doubling of pupil 
size is determined as well as the dose which inhibits the 
salivation and tremor responses to intravenous oxotremorine by 
50%. 

For administration to man in the curative or prophylactic 
treatment of diseases associated with the altered motility and/or 
tone of smooth muscle, such as irritable bowel syndrome, 
diverticular disease, urinary incontinence, oesophageal achalasia 
and chronic obstructive airways disease, oral dosages of the 
compounds will generally be in the range of from 3.5 to 350 mg 
daily for an average adult patient (70 kg). Thus for a typical 
adult patient, individual tablets or capsules will typically 
contain from 1 to 250 mg of active compound, in a suitable 
pharmaceutical^ acceptable vehicle or carrier for administration 
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singly or ie „ ltipl e doees, oa „ or ^ > ^ ^ 

for let™,.™ „,. inl5Cratl<)n „ 1U cmMiiy w ^ ^ ^ 
"■35 to 35 „ p. r slngl . dose „ reqoite(i ^ ^ 

physician will determine the a rt.. a i ; 

xne cue actual dosage which will be most 

f " " lnil "" ual - « -a v„ 7 « tl th . aee , 

vetght and tesprose of eh . partlcul „ patient ^ 
.» .ro^lar, „ tha , vetage case but tbeM o£ ^ ^ 
individual Mgher ^ ibmr dosage ranges' are 

-rited. ,„d such . M „ lM , tha scope of au inv>Mira _ 
For h ura „ use , tIl , co ^ 011ilds of tbe formia n) ^ ^ 

•d-iolstoroo alo... bur „ iU 8 ™.„ lly ba a4 , inlst „ rf lo 
•datura vith . phatmceuclcal „„ Ur seuctea oith r ^ rt ^ 
*. mrnndad route of ad. lnl8ttatlo „ and 

practice. P« „„, thsy ray ba ad „ lalststea ia tha 

for. or «*«, coutaiuiug 5uch as ^ ^ 

or in „„„!.. or ovules either aioue or i„ .future with 

erelolents, or in the (ora of eHvf,. 

' el4xl « or suspensions containing 
flavouring or colouring ag.„ ts . n < y nay ba 

wreuterali,, for «^ le , i„ travaa0 „ 8lyi ^.^^ ^ 
subcutaneous!,. Pot paMntetal ad . lnlstcatlcnj ^ ^ ^ ^ 
in th, for. o£ . sterlla aqueous solution Khicb ^ ^ ^ 

substances, f or example, enough salts nr *i 

gR salts or glucose to malce the 

solution isotonic with blood. 

in a fur t„e r aspect the invention provides a pharmaceutical 
-.position comprising a compound of the formula (I), or a 
Pharmaceutically acceptable Mlt thereof , ^ & 

pharmaceutical!? acceptable diluent or carrier. 
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The invention also includes a compound of the formula (I) or 
a pharmaceutically acceptable salt thereof, for use as a 
medicament, particularly for use in the treatment of irritable 
bowel syndrome. 

The invention further includes the use of a compound of the 
formula (I), or of a pharmaceutically acceptable salt thereof, for 
the manufacture of a medicament for the treatment of diseases 
associated with the altered motility and/or tone of smooth muscle, 
such as irritable bowel syndrome, diverticular disease, urinary 
incontinence, oesophageal achalasia and chronic obstructive 
airways disease. 

The invention yet further includes a method of treatment of a 
human being to cure or prevent a disease associated with the 
altered motility and/or tone of smooth muscle, such as irritable 
bowel syndrome, which comprises treating said human being with an 
effective amount of a compound of the formula (I) , or a 
pharmaceutically acceptable salt or composition thereof. 

The following Examples, in which all temperatures are in °C, 
illustrate the invention: 
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EXAMPLE 1 



me 



thanesulphonamidophftnethyl)pyrrr,1^^-i 



ne 



CONH. 



Ph 



CH,S-0 
3 H 




'S0 2 CH 3 



NaHCO 




S0 2 CH 3 



A fixture containing J-Hfl-a^H^. 
-thyl) Pyrrolidine (0>5 g _ see Preparat . on n _ [4 _ (2 _ 

n.ethanesulphonyloxyethyDphenyll.ethanesulphona^ide (0.5 g - see 
Preparation 12), sodium bicarbonate (Q>5 g) ^ acetooitriie ^ 

-1) was heated under reflux for 2 hours. On cooling to room 

temperature, vater (60 ml) Was added and ^ _ 

with dichloromethane (3 x 50 ml). The combined 

extracts w ere dried (MgSQ,) and concentrated in vacuo to give an 

oil which v afi purified by CQlumn cnromatograph) , on snica eiucing 
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with dichloromethane containing methanol (2% up to 10%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless foam, yield, 
0.1 g. 



C60.61; H,6.29; N,8.41; 

C, 60.47; H,6.62; N»7.90. 

Vn.M.R. (d 6 DMSO + CF 3 C0 2 D)§ - 7.45-7.10 (m, 14H) ; 4.00-3,70 
(m, 2H); 3.50-3.25 (m, 3H); 3.20-3.05 (m, 1H) ; 3.00-2.70 (m, 2H) ; 
2.90 (s, 3H); 2.65-2.30 (m, 1H) ; 2.20-2.10 (m, 1H) ; 1.70-1.40 (m, 
1H) ppm. 



Analysis %:- 
Found: 

Calculated for 

C 27 H 31 N 3°3 S - 3/2 R 2°-^ CH 2 C1 2 : 



EXAMPLE 2 

Preparation of 3-(R,S)-(l-carbarooyl-l,3-diphenylmethyl)-l-(3,4- 
dimethylphenethyl) pyrrolidine 




K 2 C0 CH 3 CN 
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A mixture containing 3-(R.S)-(l^arba I no y i-l, 1 -diph e n yl - 
-h yl)pyrrolldlne (0 . 5 g . _ preparatiQn 3>4 _ dimethyi _ 

Pheneth.1 bromide (0.4 g - see Preparation 18), anhydrous 
potassium carbonate (0 . 5 g) and acetonitrile (1Q ^ 

under reflux for 2 hours. On cooling to room temperature, wa t er 
(80 ml) was added and the mixcure fixtracted 

dichloromethane (3 x 70 ,1). , 3le combined 

extracts vera dried (M g S0 4 ) and concentrated in vacuo to give a 
yellow oi l which was purif ied by coium ch _ tography ^ snica 

eluting with dichloromethane containing methanol (ox up to 4Z) 
The product-containing fractions were coined and concentrated in 
vacuo to give the title compound as an oil, y ield, 0.22 g . 

Analysis X i- 
Found: 

C.78.21; H.7.57; K.6.65; 
Calculated for C^^O.H.O: C.78.G9; H.7.95; K.6.51. 

(COCl 3) g - 7.45-7.15 (m, 1 1H); 7 . 10 . 6 . 90 ^ ^ 
5.40-5.30 (brs. 1H); 3.60-3.45 (.. 2H); 3 .00-2,40 ( m , 7H); 2 . 25 
(s, 6H); 2.10-1.95 (m, 2H) ppm. 
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EXAMPLE 3 

Preparation of 3- (R > S)-(l-carbamoyl-l , l-diphenylmethyl)-l-(4- 
fluorophenethyl) pyrrolidine 




A mixture containing 3-CR,S)-(l-carbamoyl-l, 1-diphenyl- 
ne thy 1) pyrrolidine (0.5 g - see Preparation 8), 4-fluorophen ethyl ' 
bromide (0.36 g - see J-A.C.S., 63, 602 (1941)), anhydrous 
potassium carbonate (0.5 g) and acetonitrile (15 ml) was heated 
under reflux for 2 hours. On cooling to room temperature, water 
(70 ml) was added and the mixture was extracted with 
dichloromethane (3 x 50 ml). The combined dichlorome thane 
extracts were dried (MgSO^) and concentrated in vacuo to give a 
glass which was purified by column chromatography on silica 
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eluting with dichloromethane containing methanol (2% up to 4%). 
The product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless glass, yield, 
0.056 g. 

Analysis 

F ° Und: C,76.19; H,6.76; W>7 .05; 

Calculated for C^H^O^O: C,75.88; H,6.86; tf,6.81. 

^iM^ (CDC1 3 ) S = 7.60-6.90 (m, 15H) ; 5.45-5.30 (brs, 1H) ; 
3.55-3.40 <*, 1H); 2.95-2.45 (., 8H); 2.10-1.90 ( m> 2H) p pro . 

EXAMPLE 4 

Preparation of 3-(R, SWl- carbanpvl-1. l-diphenylmethvl-)-T-n- 
methylphenethyDpyrrolidine 



C0NH„ 



Ph 
Ph 



Br 




CH, 



K 2 C °3 
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A mixture containing 3-(R,S)-(l-carbamoyl-l, 1-diphenyl- 
metbyl) pyrrolidine (0.5 g - see Preparation 8), 3-raethyl- 
phenethylbroiaide (0,36 g - see J. Ind. Chera. Soc, 40, 327, 
(1963)), anhydrous potassium carbonate (0.5 g) and acetonitrile 
(10 ml) was heated under reflux for 4 hours. On cooling to room 
temperature, water (60 ml) was added and the mixture was extracted 
with dichloromethane (3 x 50 ml). The combined dichloromethane 
extracts were dried (MgSO^) and concentrated in vacuo to give an 
oil which was purified by column chromatography on silica eluting 
with dichloromethane containing methanol (2% up to 4%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as an oil, yield, 0.17 g. 



C,79.76; H,7.48; N,7.04; 
C79.56; H,7.66; N,6.87. 

^N-M.R^ (CDC1 3 )S= 7.95-7.75 (brs, 1H) , 7.50-7.10 (m, 11H) ; 
7.05-6.90 (m, 3H); 5.35-5.25 (brs, 1H) ; 3.50-3.40 (m, 1H) ; 
3.00-2.65 (m, 7H); 2.55-2.40 (m, 1H); 2.35 (s, 3H) ; 2.10-1.90 (m, 
2H) ppm. 



Analysis % :- 
Found : 

Calculated for C^H^N^O.^hy): 
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EXAMPLE 5 

Preparatio n of 3-(R,S)-(l-carbamoyl-l a-diphenylmethyl)-l-(4- 
sulphamoylphenethyl) pyrrolidine 



C0NH„ 



Ph 
Ph 




0 2 NH 2 



NaHCO- 



CH 3 CN 



CONH 




S0 2 NH 2 



A mixture containing 3-(R,S)-(l-carbamoyl-l,l-diphenyl- 
me thy 1) pyrrolidine (0.3 g - see Preparation 8), 4-sulphamoyl- 
phenethyl chloride (0.23 g - see J. Pharm. Pharmacol., • 16, 541, 
(1964)), sodium bicarbonate (0.4 g) arid acetonitrile (10 ml) was 
heated under reflux for 2 hours. A further portion of sodium 
bicarbonate (1 g) was added followed by potassium iodide (0.2 g) 
and the mixture was heated under reflux for 2 hours. On cooling 
to room temperature, water (60 ml) was added and the mixture was 
extracted with dichloromethane (3 x 50 ml). The combined 
dichloromethane extracts were dried (MgSO^) and concentrated in 
vacuo to give a glass which was purified by column chromatography 
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on silica eluting with dichlorome thane containing methanol (0% up 
to 10%). The product-containing fractions were combined and 
concentrated in vacuo to give the title compound as a colourless 
foam, yield, 0.11 g. 

Analysis % '.- 

Found: C,60.24; H,5.76; N,7.78; 

Calculated for C 2 6 H 29 N 3°3 S# ^0.% CH 2 C1 2 : C,60.73; H,6,15; N,8,01. 

Vn.M.R. (CDC1 3 )S - 7.70 (d, 2H); 7.40-7.20 (m, 13H) ; 7.15 (brs, 
1H); 7.00 (brs, 1H) ; 5.75 (s, 1H); 3.70-3.60 (m, 1H) ; 2.95-2.85 
(m, 1H); 2.70-2.35 (m, 6H) ; 2.00-1.85 (in, 2H) ; 1.60-1.45 (m, 1H) 
ppm. 

EXAMPLE 6 

Preparation of 3-(R, S)-(l-carbarooyl-l-l-diphenylmethyl) -l-(3- 
pheny lp ropy 1 ) py r r o 1 idine 



CONH„ 



Ph -JL 

L7 H 




K 2 C0 3 



CHjCN 



C0NH 
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A mixture containing 3-(R,S)-U-c a rbamoyl-l,l-diphe n yl- 
methyl)pyrrolidine (0.3 g - see Preparation 8), l-bromo-3- 
phenylpropane (0.22 g ) , anhydrous potassium carbonate (0.4 g) and 
acetonitrile (10 ml) va* heated under reflux for 2 hours. On 
cooling to room temperature, water (40 ml) was added and the 
mixture extracted with dichloromethane (3 x 50 ml). The combined 
dichloromethane extracts were dried (MgSO,.) and concentrated in 
vacuo to give an oil which was purified by column chromatography 
on silica eluting with dichloromethane containing methanol (2% up 
to 10%). The product-containing fractions were combined and ' 
concentrated in vacuo to give the title compound as an oil, yield, 
0.19 g. 



Analysis % ;- 
Found : 



C.75.31; H.7.04; M.6.66; 
Calculated for C^N^O.l/S CH^: C.75.35; H.7.52; N.6.46. 

^ (CDC1 3 )£ - 7.40-7.00 (m, 17B) ; 3.80-3.65 (m, 1H) ; 
3.10-2.90 (m, 1H); 2.70^1.80 (m, 8H); 1.70-1.50 (m, 3H) ppm. 
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EXAMPL E 7 

Prepa rati on of 3- (R , S) -( 1-carbamoy 1-1 , 1-diphenylmethy !)-!-( 4- 
cyanophenethyl) pyrrolidine 




A mixture containing 3- (R,S)-( 1-carbamoy 1-1 ,1-diphenyl- 
methyl)pyrrolidine (0.6 g - see Preparation 8), 4-cyanophenethyl 
bromide (0.45 g - see Preparation 13), anhydrous potassium 
carbonate (0.5 g) and acetonitrile (20 ml) was heated under reflux 
for 1.5 hours. On cooling to room temperature, water (60 ml) was 
added and the mixture extracted with dichloromethane (3 x 50 ml). 
The combined dichloromethane extracts were dried (MgSO ) and 
concentrated in vacuo to give a gum which was purified by column 
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chromatography on silica eluting with dichlorome thane containing 
methanol (0% up to 6%), The product-containing fractions were 
combined and concentrated in vacuo to give the title compound as a 
colourless foam, yield, 0.25 g. 

Analysis % :- 

F ° Und: C.79.38; H,6.86; N.9.58; 

Calculated for C^H^O: c.79.18; H.6.64; N.10.26. 

^ <CDC1 3 ) g = 7.65-7.55 (d, 2H); 7.45-7.15 (m, 12H); 
6.90-6.75 (brs, 1H); 5.55-5.45 (brs, 1H); 3.60-3.45 (m, 1H) ; 
2.90-2.50 (m, 8H); 2.15-1.90 (m, 2H> ppni . 

EXAMPLE 8 

Preparation of l-fL.^.n.^ ^.^^^^^^^^^^^ 
carbarooYlphenethyDpyrrolidine 



C0NH 
Ph. ' 



Ph 





K 2 C0 3 ClijCN 



0 
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A mixture containing 3-(R,S)-(l-carbamoyl-l,l-diphenyl- 
methyl)pyrrolidine (0.3 g - see Preparation 8), 4-carbamoyl- 
phenethyl bromide (0.25 g - see Preparation 13), anhydrous 
potassium carbonate (0.4 g) and acetonitrile (10 ml) was heated 
under reflux for 5 hours. On cooling to room temperature, water 
(40 ml) was added and the resulting mixture extracted with 
dichloromethane (3 x 30 ml). The combined dichloromethane 
extracts were dried (MgS0 4 ) and concentrated in vacuo to give a 
yellow foam which was purified by column chromatography on silica 
eluting with dichloromethane containing methanol (0% up to 10%) . 
The product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless foam, yield, 
0.13 g. 



Analysis % :- 

Found: C.72.06; H.6.69; N,8.55; 

Calculated for C^H^^O^ 1/3 CH,,^: C, 72.01; H.6.56; N.9.21. 

"Hl-N.M. R. (CDC1 3 ) £ = 7.80-7.70 (d, 2H) ; 7.50-7.20 (m, 13H); 
6.25-6.05 (brs, 1H); 5.85-5.65 (brs, 1H) ; 5.60-5.50 (brs, 1H) ; 
3.55-3.40 (m, HI); 2.95-2.65 (m, 7H); 2.55-2.45 (m, 1H) ; 2.05-1.95 
(m, 2H) ppm. 
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EXAMPLE 9 



Preparation of 3-(R, S^ a-carbamoYl-iq-diphenylrcethyn-l-O- 
phenoxypropyDpyrrolidine 



CONH 





CONH 



K 2 C0 3 



CH 3 CN 




A mixture containing 3-(R,S)-(l-carbamoyl-l,l-diphenyl- 
methyl) pyrrolidine (0.3 g - see Preparation 8), 3-phenoxy- 
propylbronide (0.24 g) r anhydrous potassium carbonate (0.4 g) and 
acetooitrile (10 ml) was heated under reflux for 5 hours. On 
cooling to room temperature water (40 ml) was added and the 
resulting mixture extracted with dichlorome thane (3 x 50 ml). The 
combined dichloromethane extracts were dried (MgSO^) and 
concentrated in vacuo to give an oil which was purified by column 
chromatography on silica eluting with dichloromethane containing 
methanol (0% up to 7%). The product-containing fractions were 
combined and concentrated in vacuo to give the title compound as a 
colourless foam, yield, 0.23 g. 
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C.74.94; H,7.11; N.6.41; 
C.74.97; H.7.45; N.6.47. 

Vn.M.R. (CDC1 3 ) g = 7.50-7.20 (m, 13H) ; 7.00-6.95 (t, 111); 
6.95-6.85 (d, 2H); 5.70-5.60 (brs, 1H) ; 4.05-3.95 (t, ZH); 
3.70-3.55 (ra, 1H) ; 3.05-2.85 (m, 2H) ; 2.85-2.60 (m, 4H) ; 2.25-1.95 
(m, 4H) ppm. 

EXAMPLE 10 

Preparation of 3-(R»S)-(l-carbamoyl-l > l-diphenyltaethyl)-l-(3 > 4- 
dichlorophenethyl) pyrrolidine 




Analysis %:- 
Found: 

Calculated for C^H^N^.I^O: 



K 2 C0 3 CH 3 CN 
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A mixture containing 3-(R,S)-(l-carb an0 yl-l,l-diphe n yl- 
methyl) pyrrolidine (0.3 g - see Preparation 8), 3,4-dichloro- 
phenethyl bromide (0.27 g - see Preparation 14), anhydrous 
potassium carbonate (0.4 g) and acetonitrile (10 ml) was heated 
under reflux for 4 hours. On cooling to room temperature, water 
(40 ml) was added and the resulting mixture extracted with 
dichloromethane (3 x 30 ml) . The combined dichloromethane 
extracts were dried (MgS0 4 ) and concentrated in vacuo to give a 
foam which was purified by column chromatography on silica eluting 
with dichloromethane containing methanol (0% up to 7%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless foam, yield, 
0.22 g. 

Analysis % :- 

F ° Uni3: C,70.41; H.6.05; N.5.82; 

Calculated for C^H^Cl^O.^O: C,70.13; H,6.33; N,6.29. 

V-N.M.R. (CDC V 8 - 7.45-7.05 (m, 13H); 7.05-7.00 (d, 1H); 
5.55-5.40 (brs, lH)j 3.60-3.45 (m, 1H); 2.90-2.45 (m, 8H); 
2.10-1.90 (ro, 2H) ppm. 
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EXAMPLE 11 

Preparation of 3-(R,S)-(l-carbamoyl-l, l-diphenylmethyl)-l-(4- 
methoxy carbonylphene thy 1) pyrrolidine 



C0NH- 

Ph -L 




OMe 




OMe 



A mixture containing 3-(R,S)-(l-carbamoyl-l, 1-diphenyl- 
methyl) pyrrolidine (0.6 g - see Preparation 8), 4-roethoxycarbonyl- 
phenethyl bromide (0.53 g - see Preparation 15), anhydrous 
potassium carbonate (0.5 g) and acetonitrile (20 ml) was heated 
under reflux for 1.5 hours. On cooling to room temperature, water 
(60 ml) was added and the resulting mixture extracted with 
dichloromethane (3 x 50 ml). The combined dichlororoethane 
extracts were dried (MgSO^) and concentrated in vacuo to give a 
gum which was purified by column chromatography on silica eluting 
with dichloromethane containing methanol (2% up to 6%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless foam, yield, 
0.44 g. 
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Analysis % :- 
Found : 



C.75.34; H.7.04; N.6.19; 
Calculated for C^N^. 1/20 CH^: C.75.27; H.6.77; h.6.27. 

^ tCDCl J S ■ 8.00-7.95 (d, 2H); 7.55-7.15 (.. 13H ); 
5.35-5.25 (brs, 1H); 3.95 (.. 3 H); 3.55-3.40 fro, m . 2 . 95 _ 2>65 
<-. 7H); 2.55-2.45 «>. 2 . 05 . 1<90 (m> 2H) ^ 



EXAMPLE 12 

Preparation of Wp ^.(z^cartasrklU-gtgh 
phenoxvet hyl) pvrro ij^ ng 



_enylmethvl) -l- C2- 



CONH 




Br 



K 2 C0 3 



CH 3 CN 



C0NH„ 



Ph 
Ph 






A fixture containing 3-(R, S)-(l- carbanoyl . 1> ^ diphenyl _ 

methyDpyrrolidine (0.25 R - see p™„„ • 

^ g see Preparation 8), 2-phenoxyethyl 

broaide (0.18 g) , anhydrous potassium ^ ^ ^ 
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acetonitrile (10 ml) was heated under reflux for 1.5 hours. On 
cooling to room temperature, water (60 ml) was added and the 
mixture extracted with dichloromethane (3 x 50 ml) . The combined 
dichloromethane extracts were dried (MgSO^) and concentrated in 
vacuo to give a foam which was purified by column chromatography 
on silica eluting with dichloromethane containing methanol (0% up 
to 6%). The product-containing fractions were combined and 
concentrated in vacuo to give the title compound as a colourless 
foam, yield, 0.18 g. 



Analysis % ;- 

Found: C.76.71; H.6.97; N,7.03; 

Calculated for C^H^N^.l/lO CH 2 C1 2 : C.76.50; H.6.91; N.6.85. 

^H^N.M.R. (CDC1 3 )S= 7.60-7.20 (m, 13H) ; 7.00-6.90 (t, 1H); 6.85 
(d, 2H); 5.65-5.55 (brs, 1H); 4.10-4.00 (t, 2H); 3.60-3.45 (m, 
1H); 3.00-2.60 (m, 6H) ; 2.10-1.95 (m, 2H) ppm. 
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EXAMPLE 13 

Preparat ion of 3-rS)-(-)-(l>carta n oyl-i-di P henvlinethyl)-l-(3.4- 
dimethoxyphenethyl) pyrrolidine 




A mixture containing 3-(S>-(+)-(l- ca rbanoyl-l,i-diphenyl- 
methyl) P yrrolidine-L-(+)-tartrate (0.4 g - see Preparation 10), 
3,4-din.ethoxyphenethyl chloride (0.21 g - see Org. Prep. Proced. 
Int., 10, 267, (1978)), anhydrous potassium carbonate (0.3 g) , 
potassium iodide (0.17 g) and acetonitrile (10 ml) was heated 
under reflux for 18 hours. On cooling to room temperature, water 
(25 ml) was added and the mixture extracted with dichloromethane 
(3 x 30 ml). The combined dichloromethane extracts were dried 
(MgSOp and concentrated in vacuo to give a gum which was purified 
by column chromatography on silica eluting with dichloromethane 
containing methanol (0% up to 10%). The product-containing 
fractions were combined and concentrated in vacuo to give the 
title compound as a colourless foam, yield, 0.21 g, [c^] 2 * -i 9 . 6 « 



(c 1.0, CH 2 C1 2 ) 
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Analysis 

Found: C,72.94; H,6.99; N,6,24; 

Calculated for C^H^N^.l/A CH 2 C1 2 : C,73.07; H,6.98; N,6.04. 

L H-N»M.R. (CDC1 3 ) 7.80-7.20 (m, 11H) ; 6.85-6,70 (id, 3H>; 

5.40-5.30 (brs, 1H) ; 3.90 (s, 6H); 3.55-3.45 (brs, 1H) ; 3/00-2.65 
(m, 8H); 2.10-1.90 (brm, 2H) ppm. 

EXAMPLE 14 

Preparation of 3-(S)-(-)-(l-carbamoyl-l t l-diphenylmethyl)-l-(4- 
hydroxymethylphenethyppyrrolidine 




A mixture containing 3~(S)-(+)-(l-carbamoyl-l , 1-diphenyl- 
methyl) pyrrolidine-L-(+) -tartrate (0.4 g - see Preparation 10, 
4-hydroxymethylphenethyl bromide (0.2 g - see US-A-4 ,595 ,690) , 
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anhydrous potassium carbonate (0.2 g ) and acetonitrile (10 ml) was 
heated under reflux for 15 hours. On cooling to room temperature, 
water (20 ,1) was added and the layers separated. The aqueous 
layer was extracted with dichloromethane (3 x 20 ml), the extracts 
combined, dried (HgSO,) and concentrated io vacuo to give a foam. 
The foam was purified by column chromatography on silica eluting 
with dichloromethane containing methanol (0% up to 6%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a colourless foam, yield, 0.2 
g, [Oc] 2 D 5 -26. 1» (c 1.0, CH 2 C1 2 ). 

Analysis _%:- 

Found: n ftA 

C.76.22; H.7.38; N,6.38; 

Calculated for 

C 27 H 30 N 2°2< 1/2 H 2°" 1/3 Pr V : C ' ? 5-62; H.7.75; 1,6.12. 

^ ^DCl 3 ),g = 7.80-7.10 (m, 16H) ; 5.50-5.35 (brs, 1H); 
A-65 (s, 2H); 3.55-3.40 (m, 1H); 2.95-2.40 (m, 8H); 2.10-1.90 (m, 
2H) ppm. 
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EXAMPLE 15 

Preparation of 3-(R, S)-(l-carbamoyl-l, l-diphenylmethyl)-l- 
phene thy lpy r ro lid ine 




A mixture containing 3-(R,S)-(l-carbamoyl-l, 1-diphenyl- 
methyl) pyrrolidine (0.6 g - see Preparation 8), phenethyl bromide 
(0.4 g), anhydrous potassium carbonate (0*6 g) and acetonitrile 
(20 ml) was heated under reflux for 1.25 hours. The mixture was 
partitioned between 10% aqueous potassium carbonate (20 ml) and 
dichloromethane (50 ml), the layers were separated, and the 
aqueous layer extracted with dichloromethane (3 x 50 ml). The 
combined dichloromethane extracts were dried (MgSO^) and 
concentrated in vacuo to give an oil which was purified by column 
chromatography on silica eluting with dichloromethane containing 
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methanol (0% up to 4%). The product-containing fractions were 
combined and concentrated in vacuo, to give a foaa which was 
crystallised from diisopropyl ether to give the title compound, 
yield, 0.21 g, n .p. 124-129°C. 



Analysis 
Found : 

Calculated for C^H^NjO: 



C,81.13; H,7.51; N,7.07; 
C8I.2IJ H.7.34; N,7.29. 



lH " N - M - R - (CDC V' ^ = 8.00-7.80 (brs, 1H); 7.50-7.10 («, 15H); 
5.30-5.10 (brs, 1H); 3.50-3.35 (m, 1H); 3.00-2.65 (m, 7H); 
2.50-2.35 (id, 1H); 2.10-1.85 (m, 2H) ppm. 

Example 16 

Preparation of 3-(R,SW l-c «rfcaim>yl-l.l-,Hphenvh.ethvJ UWA- 
methvlphe nethyppy rrolid^no 



C0NH„ 



Ph 
Ph 



Br' 




K 2 C0 3 Cll 3 CN 
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A mixture containing 3-(R,S)-(l-carbatnoyl-l,l-diphenyl- 
methyl) pyrrolidine (0.6 g - see Preparation 8), 4-methylphenethyl 
bromide (0.44 g) , anhydrous potassium carbonate (0.6 g) and 
acetonitrile (20 ml) was heated under reflux for 1.25 hours* The 
mixture was partitioned between 10% aqueous potassium carbonate 
(10 ml) and dichloromethane (20 ml), the layers were separated, 
and the aqueous layer extracted with dichloromethane (3 x 20 ml). 
The combined dichloromethane extracts were dried (HgSO^,) and 
concentrated in vacuo to give a gum which was purified by column 
chromatography on silica eluting with dichloromethane containing 
methanol (0% up to 6%). The product-containing fractions were 
combined and concentrated in vacuo to give the title compound as a 
colourless foam, yield, 0.32 g. 



Analysis %:- 

Found: C.80.28; H.7.80; N,6.62; 

Calculated for C^H^O.lM hy); C80.45; ft\7.63; N.6.95, 

W.M.R. (CDC1 3 ) 8* 7.95-7.70 (brs, 1H) ; 7.50-7.15 (m, 10H); 

7.15-7.00 (ABq, 4H) ; 5.45-5.30 (brs, 1H) ; 3.50-3.40 (m, 1H) ; 

3.00-2.65 (m, 7H) ; 2.55-2.40 (m, 1H) ; 2.35 (s, 3H) ; 2.05-1.90 (m, 
2H) ppm. 
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EXAMPLE 17 



(4-chlorop henethvl)p vrrnl-fH^ 0 




A mixture containing 3-(R, S )-(l- carbaiDOyl _ la . d . phenyl _ 

methyl)pyrrolidine (0.6 e _ see p r ^ rnlh< , 

g see Preparations), 4-chlorophenethyl 

bromide (0.46 g), anhydrous potassiuxo carbonate (0.6 g) and 
acetonitrile (20 ,1) was beated under reflux for 1.25 hours. The 
fixture was partitioned between 10% aqueous potassiu™ carbonate 
(10 1) and dichlororaethane (30 ,1), the layers were separated> 
and the aqueous layer was extracted with dichlororcethane (3 x 50 
ml). The combined dichloro.ethane extracts were dried (MgSO,) and 
concentrated in vacuo to give a foan, which was purified by column 
cholegraphy on silica eluting w ich dichloro.ethane containing 
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methanol (0% up to 6%). The product-containing fractions were 
combined and concentrated in vacuo to give the title compound as a 
foam, yield 0.43 g. 

Analysis % :- 

*oun6: C.74.14; H,6.58; N.6.33; 

Calculated for C^H^Cll^O: C.74.53; H.6.50; N,6.69. 

^H-N.M.R. (CDC1 3 ) S » 7.50-7.05 (m, 15B) ; 5.50-5.40 (brs, 1H); 
3.55-3.40 (m, 1H) ; 2.95-2.45 (m, 8H); 2.10-1.90 (m, 2H) ppm. 

00 A similar procedure starting with 3-(S)-(-)-(l-carbamoyl- 
l,l-diphenylmethyl)pyrrolidine (0.64 g - see Preparation 10B) gave 
3-(S)-(-)-(l-carbamoyl-l,l-diphenylmethyl)-l-(4-chlorophenethyl)- 
pyrrolidine, yield 0.2 g, [oc]" -7.4° (c 1.0, CH^). 
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EXA MPLE 18 • 
tgdroxYphenjjJethjgj^^rroiidi, 



ine 



Ph f 0NH 2 




Br 




OH 



K 2 C0 3 



CH 3 CN 



CONH 




A ««« co ataialas 3-,s,- <1 - cart , TOyl . 1>1 . dlph . iiyWthyi) _ 

m«u*- <o.z , - „„ Plapatotlon 1M) _ 4 . hyd „^ hmethn 

b ' 0mide (0 - 0?2 E> - ~*~„ (0 . 15 g , mJ 

-> -d m aqoco „ s pocasslu „ Mrtmate fio ^ ^ ^ 

separated, and the aqueous layer w*c f 

ous layer was further extracted with 

dichloromethane (2x5 ml) T h» u 

ml) . The combined dichloromethane extracts 
were dried ^ and concentrated in ^ to give . ^ ^ 
was purified by colunn chromatography on ^ ^ ^ 
-chloromethane containin 8 methanol (5,). The P roduct-containin g 
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fractions were combined and concentrated in vacuo to give the 
title compound as a colourless foam, yield 0.035 g. 

Analysis % :- 

Found: C.72.91; H.6.61; N.6.54; 

Calculated for 

C 26 H 28 N 2°2* H 2 0 ' 0 * 15 CH 2 C1 2 ; C » 72 - 82 J H.7.04; N.6.49. 

^" H-N.M.R . (CDC1 3 ) g= 7.60-7.10 (m, 12H) . 7.00-6.90 (d, 2H) , 
6.80-6.70 (d, 2H), 5.75-5.60 (brs, 1H) , 3.55-3.45 (m, 1H) , 
2.95-2.85 (m, 2H) , 2.85-2.60 (m, 5H) , 2.15-1.90 (in, 2H) ppra. 



EXAMPLE 19 



Preparation of 3-(S)-(l-carbamoyl-l,l-diphenylmethyl)-l-[2-(4- 
acetylphenyl) ethyl] pyrrolidine 



CONH„ 



Ph 




Ph' 

H 
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A mixture containing 3-fSWi 

pyrrolidi < ^^^-^Iphenylmethyl)- 
pyrrolidine (see Prepa ratlon m) 

g) ' A-ace tylphenethv] 
chloride (o l&? a \ u , ^necnyj 
g), anhydrous potassi,™ „ u 

-etonitrile (4 ml) „ ^ 8> - 

(4 ml) was heatfid URder ^ for 

alWd to cool to room t ^ 

v "ure. The mixture wa« 
between ^^t,i Partitioned 
Gen dichl °romethane (10 ml) and mr 

MrK , 102 aqueous Potassium . 

carbonate (20 ml). Xhe x 

layer was furtH ^ s 

further extracted ^ dichl oromethane (2 x ^ 

cKromatography on sil ±ca eluting * C ° lu - 

-thanol (2, up t0 4%) ^ ' d " hl — ^ne containing 

coM , ^ ^ P^-t-containxng fractions were 

combined and concentrated in vacuo to give 

"Wless Slass, yie i d 0 . 05 ~ 2 ^ ™ « * - 

Found: 

<W c.73.74; H>? . 10! N 6 10; 
idUUt (CDCl) £ , 7 , ... 
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The following Preparations illustrate the preparation of 
novel starting materials:- 

Preparation 1 

Preparati on of 3-(R)-(-)-hydroxypyrrolidine hydrochloride 



OH 0 



OH 



H0 2 CiM»i 





(catalyst) ^ q% 



154°C 




.HCl 



[See Chemistry Letters, 1986, 893 J 

(2S,4R)-(-)-4-Hydroxy-2-pyrrolidinecarboxylic acid (40 g - 
commercially available), anhydrous cyclohexanol (200 ml) and 
2-cyclohexen-l-one (2 ml) were heated together at 154 °C for 4.5 
hours at which point the mixture was homogeneous. On cooling to 
room temperature, saturated ethanolic hydrogen chloride (150 ml) 
was added and the resulting crystalline solid was filtered off and 
washed with ethyl acetate (2 x 50 ml). The solid was 
recrystallised from isopropanol to give the title compound as 
colourless crystals, yield 19.15 g, m.p. 104-108°C, [ OL - 8,0 Q 
(c 3.45, CH 3 0H). 
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i!*£, «W S - 10.00-8.60 (t „, 2B); 5 .55-5. 20 <brs , 1H) . 
«•«-..» to. 1H,; 3. 25 - 2 . 9 „ <„, 4H); fai 2b) ^ 



Preparation 2 



ne 




i»r 5 -t„l„„e S ulpbo^ I chlortd. (1 . 54 „ w ^ 
Portions, to a „ f a-W-C-M.^,^,,^ 

- — for U -our, me solutlm COM .„ tIateli!i 

- th, « sld „« „„ p „ utio „ d benreen dlchloronethane 

- »«er (10 Th « laya „ „„ ^ ^ ^ 
lam w. S „„.«.,, „i th dlch 1 or<-e thMle ( 2 x XS nl) . 

•CM (2 , IS .1, „ d „ a ,„. ous sodlm nydcoj[ide ^ x ^ ^ ^ 

«- «*»,> Md to giva , oMch _ 

recrystallised from ethanol to give the mm 

to gxve the title compound as a 

colourless powder, yield fl r „ oc 

• Y d 0-5 8» m -P- 108-112°C, [ ] 25 _ 6 ?(> 



(c 1.0, CH 2 C1 2 ). 
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Analysis % :- 

Found: C.54.69; H,6.23; N,5.78; 

Calculated for C n H 15 N0 3 S: C,54.77; H.6.27; N.5.80. 

1}i N ' m - r - . <CDC1 3 ),£ = 7.80-7.70 (d, 2H) ; 7.40-7.30 (d, 2H) ; 
4.45-4.35 (m, 1H) ; 3.50-3.35 (m, 3H) ; 3.30-3.25 <m, 1H) ; 2.45 (s, 
3H); 2.05-1.80 (m, 2H) ; 1.75-1.70 (m, 1H) ppm. 

Preparation 3 

Preparation of l -tosyl-3-(S)-(-)-tosyloxvpyrrolidine 




Pb 3 P, TsOMe 



"DEAD" , THF ' ^ N 



OTs 



Ts 



Methyl £ara-toluenesulphonate (54 g) was added in portions to 
a solution of l-tosyl-3-(R>-(-)-hydroxypyrrolidine (49 g - see 
Preparation 2) and triphenylphosphine (76 g) in anhydrous 
tetrahydrofuran (700 ml) at 0°C. The mixture was cooled to -20'C 
and diethyl azodicarboxylate (58 g - "DEAD") was added, dropwise, 
over 30 minutes. During this time, the temperature of the mixture 
was not allowed to rise above -10'C. When the addition was 
complete the mixture was allowed to warm to room temperature and 
stirred for 16 hours. The mixture was concentrated in vacuo to 
give a solid which was purified by column chromatography on silica 
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elating with hexane containing dichloromethane (50%). The 
product-containing fractions were combined and concentrated in 
vacuo to give an oil which was crystallised from 1-propanol to 
give the title compound as a colourless solid, yield 56 g, m.p. 
110'C. [^] 2 D 5 - 5,2" (c 1.0, CH 2 C1 2 ). 



Analysis % :- 

F ° Und: C.54.62; H.5.46; N,3.14; 

Calculated for C^W^: C.54.66; H.5.35; N,3.54. 

W^ (CDCl 3 ),g= 7.75-7.65 (m, 4H); 7.40-7.30 (m, 4H); 
5.00-4.90 On, 1H); 3.55-3.35 (a, 3H) ; 3.30-3.20 (m, 1H); 2.50 (s, 
3H); 2.45 (s, 3H); 2.10-1.90 (m, 2H) ppm. 

Preparation 4 

Preparation of l-tosvr-3-(R)-(+)-tQ,^ 1 , oxvpvrrolld1nft 
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Para- toluenesulphonyl chloride (61,5 g) was added, in 
portions, to a solution of 3-(R)-(-)-3-hydroxypyrrolidine 
hydrochloride (19 g - see Preparation 1) in anhydrous pyridine 
(200 ml) at 0°C. The mixture was allowed to warm to room 
temperature and stirred for 16 hours. The solution was 
concentrated in vacuo and the resulting solid partitioned between 
dichloromethane (300 ml) and water (200 ml). The layers were 
separated and the aqueous layer extracted with dichloromethane 
(3 x 100 ml). The combined dichloromethane extracts were washed 
with 2M hydrochloric acid (2 x 100 ml) and 10% aqueous sodium 
hydroxide (2 x 100 ml) then dried (MgSO^) and concentrated in 
vacuo to give an oil. Trituration with ether gave a solid which 
was recrystallised from 1-propanol to give the title compound as a 
colourless solid, yield 33.5 g, m.p. 111-112°C, [ <x]* 5 + 5.3° 
(c 1.0, CH 2 C1 2 ) . 

Analysis % :- 

Found: C,54.29; H,5.39; N,3.59; 

Calculated for C^H^NO^: C,54.68; H,5.35; N,3.54. 

1h N>m.r. (CDCl 3 ),g = 7.75-7.65 (m, 4H) ; 7.40-7.30 (m, 4H) ; 
5.00-4.90 (m, 1H) ; 3.55-3.35 (in, 3H) ; 3.30-3.20 (m, 1H) ; 2,50 (s, 
3H); 2.45 (s, 3H) ; 2.10-1.90 (m, 2H) ppm. 
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Preparat ion^ 

^^^^^ 




OH 



H 3 C ~\ V-S0.C1 



pyridine 



2 ^OTs 
I 

Ts 




Para-toluenesulphonyl chloride (68.8 g) was added> fa 
Portions, to a solution of 3- <R,S) -hydroxy rrolidlne (15 g) ^ 

dry pyridine (200 ml) at 0°C Th« »• - 

> at o c. The mixture was allowed to warm to 

room tecperature and stirred for 16 hours. The solution was 
concentrated in v^cuo to approximately half the original volume 
then partitioned between dichloromethane (500 ml) and Water (300 
D. The layers were separated and the aqueous layer was 
extracted with dichlorocethane (3 x 100 ,1). The coined 
dichloromethane extracts were washed with 2« hydrochloric acid 
(100 1, and 10, acueous sodium hydroxide (100 .1) then dried 
(«gS<V and concentrated in vacuo to give a, oil which was 
crystallised" fro. dichloromethane/ether to give the title compound 
as a noncrystalline powder, yield 28.3 g, m.p. ll 9 - 121 . c . 

(CDC1 3 ), S - ^75-7.65 ( m , 4H ); 7 . 40 - 7 .3O «) • 4 95 
C-. 1H); 3.55-3.35 3H); 3.30-3.20 (.. l H);2 . 50 ( s , 3 H) ;2 .45 
3H); 2.10-1.90 (m, 2K) vpm . 
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Preparation 6 

(A) Preparation of 3-( R > S)-(l-cv a no-l ) l-dlphenylmethyl)-l- 
tosylpyrrolidine 




CN 

OTs 

Ph 



Ph 2 CHCN 



NaH, toluene / N — Ts 



Diphenylacetonitrile (17.1 g) was added to a stirred 
suspension of sodium hydride (4 g of a 60% suspension in mineral 
oil) in anhydrous toluene (250 ml) and the mixture was heated 
under reflux for 2 hours. On cooling to room temperature, 
l-tosyl-3-(R,S)-tosyloxypyrrolidine (28 g - see Preparation 5) was 
added in portions and the mixture heated under reflux for 3 hours. 
The mixture was diluted with toluene (150 ml), washed with 5% 
aqueous sodium hydroxide (2 x 100 ml) and brine (150 ml) then 
dried (MgS0 4 ) and concentrated in vacuo to give a solid which was 
purified by trituration with methanol to give the title compound 
as a colourless microcrystalline powder, yield 18 g, m.p. 
186-187 °C. 



1r N - m - r - ( CDC1 3 >.§ - 7 ' 75 <d, 2H); 7.50-7.25 ( m , 12H) ; 3.60-3.30 
Cm. 4H); 3.10-3.00 (m, 1H); 2.50 (s, 3H) ; 2.00-1.80 (m, 2H) ppm. 
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SSL A- similar procedure starting with l-tosyl-3-(s)-(^)- 
tosyloxypyrrolidine (55 g - see Preparation 3) gave 

3 -(S)-(+)-(l-cyano-l,l-diphenylmethyl)-l-cosylpyrrolidine, yield 
^.5 g, [o^)l 5 + 17.2" (c 1.0. CH 2 C1 2 ), m.p. 180-185°C. 



ttO A similar procedure starting with l-tosyl-3-(R)-(+)_ 
tosyloxypyrrolidine (33 g - see Preparation 4) gave 

3-a)-(-)-(l-cyano-l,l-diphenyln.ethyl)-l-to S ylpyrrolidine 1 yield 

CH 2 C1 2 ). 



19.7 g, „. p . 165-178'c, [oc]* 5 - 17 . 0 ° (c 1.0, 



Preparation 7 

Preparation of 3-(R,S)-(l-cv an n-l ,1-diphenvlmethyl) pyrrolidine 



CN 

Ph 




1 *-Ts > ph 



HBr (aq) 
PhOH 




A solution of 3-(R,S)-(l-cyano-l,l-di P henylmethyl)-I- 
tosylpyrrolidine (21 g - see Preparation 6(A)) and phenol (21 g) 
in 48% aqueous hydrobromic acid (240 ml) was heated under reflux 
for 2 hours. The mixture was cooled to 0°C in an ice bath and 
basified (pH 12) by the slow addition of 50% aqueous sodiun, 
hydroxide (280 ml). Methanol (10 ml) was added and the mixture 
was stirred for 15 minutes then diluted with water (300 ml). The 
mixture was extracted with dichloromsthane (3 x 200 ml), the- 
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combined extracts were dried (HgS0 4 ) and concentrated in vacuo to 
give an oil. The oil was dissolved in 1:1 hexane/toluene (500 ml) 
and washed with 0.5 M hydrochloric acid (3 x 500 ml). The aqueous 
extracts, together with some oil which separated during the 
extraction, were basified (pH 12) by the addition of aqueous 
sodium hydroxide (12 g in 20 ml water) and the mixture was 
extracted with dichlorome thane (3 x 150 ml). The combined 
dichloromethane extracts were dried (MgSO^) and concentrated in 
vacuo to give an oil which was purified by column chromatography 
on silica eluting with dichloromethane containing methanol (0% up 
to 10%) . The product-containing fractions were combined and 
concentrated in vacuo to give the title compound as a oil, yield 
10 g. 

h H.m.r. (CDC1 3 ), £ - 7.55-7.25 (m, 10H) ; 5.45 (brs, lH) ; 
3.55-3.40 (m, 1H); 3.35-3.10 («, 2H) ; 3.05-2.90 (m, 1H) ; 2.65-2.40 
(m, 1H); 2.10-2.00 (m, 1H) ; 1.95-1.80 (m, 1H) ppm. 

Preparation 8 

Preparation of 3-(R a S)-(l-ca rbamoyl-ia-diphenvlmethvl)pyrrolidine 
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3-(R ) S)-(l-Cyano-l, 1 -diphen y i B)ethyl)pyrrolldine (3Q g _ ^ 
Preparation 7) was dissolved in 95% sulphuric acid (21Q ml) gnd 
the mixture was with stirrlng) at 85 . c 9 hQurs 

then at 100»C for 30 .inu.es. The ms allowe<J ^ cool ^ 

room temperature and poured onto i ce (2 kg) . ^ mlxture ^ 
hasified ( P H 12) by addition> in ^ ^ ^ ^ ^ 

bath, of a cold solution of sodium hydroxide (340 g) in water 
(500ml). The resulting mixture was extracted with 
dicUoromethane (3 x 300 ,1) and the combined extracts were dried 
(«8S0 4 ) and concentrated in vacuo to give the title compound as a 
foam, yield 16.4 g. 

^ (CDCI3) £ . 7 . 50 . 7ao (m> 10H) . 710 _ 6 9Q (brs> o 5h); 

5-90-5.30 (b». 2.5H); 3.60-3.40 l H); 3.30-3.00 (m, 3H); 
2-95-2.60 (jD> m; 2 . 45 _ 2 . 20 (m> 1H); 2>05 i g5 ^ ^ 

Preparation 9 

pyrrolidine 
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A mixture containing 3-(S)-(+)-(l-cyano-l,l-diphenylmethyl)- 
1-tosylpyrrolidine (49 g - see Preparation 6(B)), 48% aqueous 
hydrobromic acid (500 ml) and phenol (50 g) was heated under 
reflux for 1.25 hours then allowed to cool to room temperature. 
The mixture was extracted with ether (50 ml) to remove an upper 
layer of purple oil, then with 2:1 ether/hexane (150 ml). The 
aqueous layer was extracted with dichloromethane (4 x 100 ml), the 
dichloromethane extracts were combined, washed with 10% aqueous 
sodium hydroxide (3 x 50 ml), then dried (MgSO^) and concentrated 
in vacuo to give an oil. The original ether extract was 
concentrated in vacuo to give an oil which was dissolved in 
dichloromethane (100 ml) and washed with 10% aqueous sodium 
hydroxide (3 x 50 ml) . The dichloromethane solution was dried 
(MgS0 4 ) and concentrated in vacuo to give an oil which was 
combined with that obtained from the initial dichloromethane 
extraction. The combined oils were then dissolved in 
dichloromethane (200 ml) and washed with 10% aqueous sodium 
hydroxide solution (2 x 50 ml). The dichloromethane solution was 
dried (MgS0 4 ) and concentrated in vacuo to give an oil which was 
purified by column chromatography on silica eluting with 
dichloromethane containing methanol (0% up to 10%). The 
product-containing fractions were combined and concentrated in 
vacuo to give the title compound as a foam, yield, 24.3 g, [ CX.]* 5 



+ 6.0° (c 1.0, CH 2 C1 2 ) 



Analysis % :- 

Found; C78.09; H.6.70; N,9.93 

Calculated for C^H^.l/S CH,,^: C.78.24; H.6.63; N.10.03. 
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SSL A similar procedure starting with 3-W-(-)-(l- cyaTlo - 1 , 1 _ 
diphenyl^ethyD-l-tosylpyrrolidine (19.5 g - see Preparation 
6(C)), gave 3-( R )-(-)-(l-cy a no-l,l-di ph enyl tnetayl)pyrrolidine) 
Yield 9.5 g, [<*)»_,.,. (c 1.0, CH 2 d 2 ). 

Preparation in 

pyrrolidine L-(+)-t a rtr a i- 0 




3-(S)-( + )-(l-c y ano-l,l- diphenvlniethyl)pyrroIidine ^ g _ 
Preparation 9(A)) Was dissolved in sulphuric ^ ^ ^ ^ 
the fixture was heated, with stirring, at 85'C for 4.5 hours. The 
fixture vas allowed to cool to roo, te^erature and poured onto 
ice (500 g). The ndxture was basified ( pH 12) by the addition, i„ 
Portions with coo l ing in an ice faath> Qf a cQid solution of sodium 
hydroxide (335 g) i„ water (500 ,1). The Mxttire Was 
with diehloroaethane (4 x 200 .1) and the combined ^ 
dried (MgS0 4> and concentrated in vacuo to give the free base of 
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the title compound as a colourless foam, yield 8.5 g. A portion 
of the foam (5.5 g) was dissolved in ethanol (50 ml) and a 
solution of L-(+) -tartaric acid (3 g) in warm ethanol (30 ml) was 
added. The resulting solid was filtered off and recrystallised 
from methanol to give the title L-(+) -tartrate as colourless 
crystals, yield, 6 g, m.p. 180-185°C, ( oc ]* 5 + 16.3° (c 1.0, 
H 2 0). 



Analysis % :- 

Found: C, 61.21; U.6.25; N.6.45; 

Calculated for C^H^^O.^H^: C.61.38; H.6.09; N,6.51. 

?B N - m - r - (d 6 DMS0), g = 9.00-7.50 (brs, 4H); 7.40-7.10 (m, 11H); 
6.90-6.80 (brs, 1H) ; 3.90 (s, 2H); 3.90-3.70 (m, 1H) ; 3.50-3.35 
(m, 1H); 3.25-3.00 (m, 1H); 2.75-2.60 (m, 1H) ; 2.55-2.40 (m, 2H) ; 
2.15-2.00 (m, 1H); 1.40-1.30 (m, 1H) ppm. 

il> Preparatio n of 3-(S)-(-)-(l-carbamoyl-l T l-diphenvlinethyl)- 

pyrrolidine 




C0NH„ 
Ph - 2 



Ph 



CONH„ 



Ph 



Ph 
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3-(S>-(+)-(l-Carbamoyl-l,l-d 1 phenyl B) echyl)pyrrDlidin e 
W+)-tartrate from part (A) (0.95 g) was dissolved in water (40 
ml) and basified (pH 12) by the dropwise addition of 10% aqueous 
sodium hydroxide. The fixture was extracted with dichloromethane 
(2 x 50 ml), the extracts were combined, dried: (Na^), and 
concentrated in vacuo to give the title compound as a colourless 
foam, yield 0.64 g. 

(CDC1 3 ) g = 7.50-7.20 (m, 11H); 6.35-6.20 (brs, 1H); 
5.90-5.75 (brs, 1H); 3.55-3.45 (m, 1R) ; 3.25-3.10 (m, 2H); 
3.05-2.95 (m, 1H); 2.95-2.35 (m, 1H) S 2.15-2.05 (m, 1H); 1.90-1.80 
(m, 1H) ppm. 



Preparation 11 

Preparation of B-r^-^-n.^ ^^.^^.^ ^^^^^^ 
pyrrolidine 




■* 
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3-(R)-(-)-(l-cyano-l,l-diphenylmethyl)pyrrolidine (9-2 g - 
see Preparation 9(B)) was dissolved in 95% sulphuric acid (80 ml) 
and the mixture was heated at 80°C for 4 hours and then at 90°C 
for 1 hour. Ice (1 kg) was added and the mixture was basified (pH 
12) by the addition of a cold solution of sodium hydroxide (120 g) 
in water (100 ml). The mixture was extracted with dichlorome thane 
(4 x 100 ml) and the combined extracts were dried (MgSO^) then 
concentrated i n vacuo to give a foam which was purified by column 
chromatography on alumina eluting with dichloromethane containing 
methanol (0% up to 10%). The product-containing fractions were 
combined and concentrated in vacuo to give the title compound as a 
foam, yield, 4.5 g, [ c*. + 16.9° (c 1.0, CH 2 C1 2 ). 

N-m.r. (CDC1 3 ), £= 7.45-7.20 (m, 10H) ; 6.10-5.90 (brs, 1H); 



3.20-3.10 (m, 1R); 3.05-2.95 (m, 1H) ; 2,90-2.65 (m, 3H) ; 2.10-2.00 
(m, 1H); 1.95-1.75 (m/ 2H) ppm. 



N-[4-(2-methanesulpbonyloxyethyl) phenyl] methanesulphonamide 



Preparation 12 




CH 3 S0 2 C1 



Pyridine 
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Methanesulphonyl chloride (50.4 g) was added dropwise to a 
stirred solution of 4-aminophenethyl alcohol C27.44 g) i n dry 
pyridine (300 ml) at 0° and the solution was stirred at 0° for 30 
minutes and then at room temperature for 2.5 hours. It was then 
poured into water and the solid was filtered off, washed with 
water, dried and crystallised from ethyl acetate to give the title 
compound (39.0 g, 66%>, m.p. 136-137°. 



Analy sis_%:- 
Found : 

C 10 H 15 N0 5 S 2 re< J uires: 



C,40.6; H.5.2; N.4.9; 
C.40.9; H.5.1; N.4.8. 



Preparation 13 

Preparation of 4-carbamoylphenethvl b romide and 4-cyanophenethvl 
bromide 




PBr. 




CC1, 




A solution of phosphorus tribromide (5 g) in carbon 
tetrachloride (10 ml) was added, dropwise, to a solution of 
4-cyanophenethyl alcohol (8.06 g) in carbon tetrachloride (60 ml). 
The mixture was heated under reflux for 4 hours. On cooling to 
room temperature, the mixture was poured onto ice (200 g) . The 
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layers were separated and the organic layer was washed with 10% 
aqueous sodium carbonate (50 ml) and brine (50 ml), dried (MgSO^) 
and concentrated in vacuo to give a colourless oil which 
solidified on standing. The solid was chromatographed on silica 
eluting with ethyl acetate containing hexane (20%). The fractions 
containing the less polar (higher R f ) product were combined and 
concentrated in vacuo to give 4-cyanophenethyl bromide as a yellow 
oil which solidified on standing, yield 8.9 g. The fractions 
containing the more polar (lower Rp product were combined and 
concentrated in vacuo to give 4-carbamoylphenethyl bromide as a 
colourless solid, yield 0.47 g, m.p- 152-153°. 



Phosphorus tribromide (2,17 g) was added, dropwise, to a 
solution of 3,4-dichlorophenethyl alcohol (4.26 g) in carbon 
tetrachloride (30 ml). The mixture was stirred at room 
temperature for 10 minutes then heated under reflux for 2 hours. 



Preparation 14 



Preparation of 3,4-dichlorophenethyl bromide 
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5% Aqueous sodium carbonate (10 ml) was added dropwise and the 
mixture was extracted with dichloromethane (3 * 70 ml) . The 
combined dichloromethane extracts were dried (MgS(> 4 ) and 
concentrated in vacuo to give a yellow oil which was purified by 
column chromatography on silica eluting with dichloromethane 
containing hexane (30% down to 0%). The product-containing 
fractions were combined and concentrated in vacuo to give the 
title compound as a colourless oil, yield, US g. 

^ H-N.M.R, (CDC1 3 )S = 7.50-7.30 (.. 2H); 7.15-7.05 (m,l H ); 
3.65-3.50 (t, 2H); 3.20-3.10 (t, 2H) ppm. 

Preparation IS 
Preparation of methyl 4-f3- b romoethvmpn™ a ,-„ 




A solution of thionyl chloride (4.8 g) in chloroform (10 ml) 
was added, dropwise, to a solution of 4-(2-bromoethyl)benzoic acid 
(5.72 g) i n chloroform (40 ml) and anhydrous dioxan (20 ml). When 
the addition was complete, the mixture was heated under reflux for 
2 hours then cooled to room temperature and further thionyl 
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chloride (2.4 g) in chloroform (10 ml) was added. The mixture was 
heated under reflux for 2 hours then allowed to cool to room 
temperature and concentrated iri vacuo to give an oil which was 
dissolved in methanol (50 ml) and heated under reflux for 10 
minutes- On cooling to room temperature, the mixture was stirred 
for 48 hours then concentrated in vacuo . The residue was 
parititoned between ethyl acetate (200 ml) and 5Z aqueous sodium 
carbonate (200 ml), the layers were separated and the organic 
layer was washed with water (150 ml) then dried (MgS0 4 ) and 
concentrated in vacuo to give the title compound as an oil, yield, 
5.7 g. 



Analysis % ;- 

Found: C, 49,64; H,4.60; 

Calculated for C^^: C.49.41; H,4,56. 

i H _-!LMJ^ (CDC1 3 )£ = 8.05-8.00 (d, 2H) ; 7.35-7.25 (d, 2H) ; 3.95 
(s, 3H); 3.65-3.55 (t, 2H) ; 3.30-3.20 (t, 2H) ppm. 

Preparation 16 
Preparation of methyl 3,4-dimethylphenylacetate 
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3,4-Dimethylacetophenone (4.59 g) was added to a solution of 
thallium (III) nitrate (13.75 g) ln m ethanol (75 ml) an(J 7Q% 
perchloric acid (5 ml). The mixture was stirred at room 
temperature for 16 hours then filtered and the filtrate diluted 
with, water (100 ml). The resulting cloudy solution was extracted 
with dichloromethane (3 x 100 ml). The combined dichloromethane. 
extracts were dried (MgSO,) and concentrated in vacuo to give an 
oil which was purified by column chromatography on silica eluting 
with hexane containing dichloromethane (25Z). The product- 
containing fractions were combined and concentrated in vacuo to 
give the title compound as a colourless oil, yield, 3.0 g, which 
was used directly - see Preparation 17). 



Pre paration 17 
Preparation of 3.4-dlmPt-hviphenethvl Mpftlm1 




Lithium aluminium hydride (0.4 g) was added in portions to a 
solution of methyl 3,4-dimethylphenylacetate (3.0 g - see 
Preparation 16) in anhydrous diethyl ether (50 ml), when the 
addition was complete, the mixture was heated under reflux for 1 
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hour then allowed to stand at room temperature for 16 hours. 
Water (0.5 ml) was carefully added dropwlse followed by 15% 
aqueous sodium hydroxide (0.5 ml) and finally more water (2 ml). 
The resulting solid precipitate was filtered off and washed with 
diethyl ether (3 x 20 ml). The filtrate and washings were 
combined, dried (MgSO^) and concentrated in vacuo to give the 
title compound as a colourless oil which was used directly - see 
Preparation 18). 

Preparation 18 
Prepara ti on of 3,4-dimethylphenethyl bromide 




Phosphorus tribromide (0.82 g) was added dropwise to a 
solution of 3,4-dimethylphenethyl alcohol (1.27 g - see 
Preparation 17) in carbon tetrachloride (10 ml). The mixture was 
heated under reflux for 2.5 hours then cooled to room temperature 
and basified ( P H 8) by the dropwise addition of 10% aqueous sodium 
carbonate (5 ml). The mixture was then diluted with water (20 ml) 
and extracted with dichloromethane (3 x 50 ml). The combined 
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dichloromethane extracts were dried (Mgso,) and concentrated In 
vacuo to give the title compound as a colourless oil, yield, 
0.5 g. 

(CDC1 3 )S = 7.20-6.95 On, 3H); 3.65-3.55 (t, 2H); 
3.20-3.10 (t, 2H>; 2.30 (s, 3H); 2.25 (s, 3H) ppm . 
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CLAIMS 

1. A compound of the formula :- 





C 

R [^^-Cl^-Y-R 1 



(1) 




J 2 




or a pharmaceutical^ acceptable salt thereof, 

wherein Y is -CH^, -(CH^-, -CH 2 0-, -(CH^O- or -Cf^S-; 

R is -CN or -C0NH 2 ; 
and R*" is a group of the formula:- 



R 2 



R 3 



? 3 

where IT and R are each independently H, ^-C^ alkyl, C^C^ 
alkoxy, -(CH^OH, halo, trif luoromethyl, cyano, 
-(CH 2 ) n NR 4 R 5 , ~C0(C r C 4 alkyl), -000(0^ alkyl), 
-CHCOHMC^ alkyl), -C(0H) (C^ alkyl),,, -SCytt^, 
-(CH 2 ) n CONR 6 R / or -(CH^COOCc^ alkyl); 
R 4 is H or C ± -C^ alkyl; 

R 5 is H, C^C^ alkyl or C^-C^ alkylsulphonyl; 
R 6 and R 7 are each independently H or C^-C^ alkyl; 
and n is 0, 1 or 2. 



WO 91/09013 

PCIYEP90/02043 

2. A compound as clawed in claim 1 in which R is -COM,. 

3- A compound as claimed in claim 1 or 2 in which R 2 and ^ 
are each independently selected from H, halo, cyano, alkyl, 
C r C 4 alkoxy, alkoxy carbonyl, ^ alkanesljlphonaoid0) 

sulphamoyl, carbamoyl, hydroxymethyl, hydroxy and -CG(C -C 
alkyl). 1 4 

4- A compound as claimed in any one of the preceding claims 
in which Y is -CH 2 -, _ (C H 2 ) 2 -, or -ccy^. 

5- A compound as claimed in any one of the preceding claims 
which is in the 3R,S- (raC emic) or 3S- form. 

6- A pharmaceutical composition comprising a compound of 
the formula (!) or pharmaceutical! y acceptable salt thereof as 
claimed in any one of the preceding claims and a pharmaceutical^ 
acceptable diluent or carrier. 

7- A compound of the formula (I) as claimed in any one of 
claims 1 to 5, or a pharmaceutical^ acceptable salt thereof, for 
use as a medicament. 

8. The use of a compound of the formula fl) or 
Pharmaceutical^ acceptable salt thereof as claimed in any one of 
claims 1 to 5 for the manufacture of a medicament for use as a 
muscarinic receptor antagonist. 

9. A process for preparing a compound of the formula 
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or a pharmaceutic ally acceptable salt thereof, 

wherein Y is -CH^, -(CH^-, -CH 2 0-, -(CH 2 ) 0- or -CH 2 S-; 

R is -CN or -C0NH 2 ; 
and R 1 is a group of the formula:- 




R 2 



R 3 



2 3 

where R and R are each independently H, C^-C^ alkyl, C^-C^ 
alkoxy, -(CH^OH, halo, trif luoromethyl, cyano, 
-(CH 2 ) n NR 4 R 5 ; -00(0^ alkyl), -OCOCCj-C^ alkyl), 
-CH(0H)(C r C 4 alkyl), -CCOHXC^ alkyl) 2 , -S0 2 NH 2 , 
-(CH 2 ) n CONR 6 R 7 or -(CH 2 )^C0O(C^-C^ alkyl); 
R 4 is H or Cj-C^ alkyl; 

R 5 is H, C 1 -C 4 alkyl or Cj-C 4 alkyl sulphonyl; 
6 7 

R and R are each independently H or Cj-C^ alkyl; 
and n is 0, 1 or 2; 
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characterise hv either :- 



(a) reacting a compound of the formula: 



I fl 





where R is as defined above, 
with a compound of the fonnula:- 

Q-CH-Y-R 1 

Z (III) 

where Y and R 1 are as defined above and 0 is * 1 • 

ve ana (J is a leaving group, or 

(b) to prepare compounds in which R is -CONH,, h y drol ysing . 
compound of the formula (I) ln which R ig ^ 
said processes (a) or (b) being followed by> optionally> 
conversion of the product of the formula (I) into a 
pharmaceutical^ acceptable salt. 

10. A process according to claim 9, characterised in that in 
(a), Q is CI, B r, X or methanesulf onvlox y and the reaction is 
carried out in the presence of an acid acceptor and in that in 
Par, (b). the h y dro ly sis is carried out using concentrated a.ueous 
sulphuric acid. 
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11. A method of treating irritable bowel syndrome in a 
patient in need of such treatment, characterised by administering 
to said patient an effective amount of a compound of the formula 
(I) or pharmaceutically acceptable salt thereof as claimed in any 
one of claims 1 to 5. 
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